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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to internally manifolded 
and internally reformed fuel cell stacks, and in partic- 
ular, a method and process for sealing fully internally 
manifolded cell stacks with wet seals between only 
the electrolyte and metallic separator plates to pro- 
vide long term stability while providing an internal re- 
forming chamt>er separated from the anode chamber- 
Generally, fuel cell electrical output units are 
comprised of a stacked multiplicity of individual cells 
separated by inert or bi-polar electronically conduc- 
tive ferrous metal separator plates.- Individual ceils 
are sandwiched together and secured into a single 
stacked unit to achieve desired fuel cell energy out- 
put Each individual cell generally includes an anode 
and cathode electrode, a common electrolyte tile, 
and a fuel and oxidant gas source. Both fuel and ox- 
idant gases are introduced through manifolds to their 
respective reactant chambers between the separator 
plate and the electrolyte tile; The area of contact be- 
tween the electrolyte and other cell components to 
maintain separation of the fuel and oxidant gases and 
prevent and/or minimize gas leakage is known as the 
wet seal. A major factor attributing to premature fuel 
cell failure is corrosion and fatigue in the wet seal 
area. This failure is hastened by corrosive electrolyte 
contact at high temperatures and high thermal stress- 
es resulting from large temperature variations during 
thenmal cyding of the cell causing weakening of the 
structure through intracrystalline and transcrystal- 
llne cracking. Such failures permit undesired fuel 
and/or oxidant gas crossover and overboard gas leak- 
age which interrupts the intended oxidation and re- 
duction reactions thereby causing breakdown and 
eventual stoppage of cell current generation. Under 
fuel cell operating conditions, in the range of about 
500^ to 700"* C, molten carbonate electrolytes are 
very corrosive to ferrous metals which, due to their 
strength, are required for fuel cell housings and sep- 
arator plates. The high temperature operation of 
stacks of molten carbonate fuel cells increases both 
the comosion and thermal stress problems in the wet 
seal area, especially when the thermal coefficients of 
expansion of adjacent materials are different 

This invention provides fully internal manifolding 
of the fuel and oxidant gases to the individual cells of 
an assembled stack in a manner utilizing electro- 
lyte/metal wet seals which, due to the design of the 
cell components, provides long term endurance and 
stability of fuel cell operation. This invention also pro- 
vides interna! manifolding for a separated reforming 
chamt>er for internal cell refonming of hydrocarbon 
containing fuels without poisoning of the reforming 



catalyst The endothermic reaction of reforming me- 
thane to carbon oxide and hydrogen is advantageous- 
ly carried out within the cell stack. 

5 Description of the Prior Art 

Commercially viable molten carbonate fuel cell 
stacks may contain up to about 600 Individual cells 
each having a planar area in the order of eight square 

10 feet In stacking such individual cells, separator plates 
separate the individual cells with fuel and oxidant 
each being introduced between a set of separator 
plates, the fuel being introduced between one face of 
a separator plate and the anode side of an electrolyte 

15 matrix and oxidant being introduced between the 
other face of the separator plate and the cathode side 
of a second electrolyte matrix. 

The emphasis in fuel cell development has been 
in external manifolding of the fuel and oxidant gases 

20 by using channel manifolds physically separable from 
the fuel celt stack. However, the inlets and outlets of 
each cell must be open to the respective Inlet and out- 
let manifolds which must be damped onto the exterior 
of the cell stack. To prevent electrical shorting, insu- 

25 lation must be used between the metal manifolds and 
the cell stack. External manifolding has presented se- 
rious problems in maintaining adequate gas seals at 
the manifold/manifold gasket/cell stack interface 
while preventing carbonate pumping within the gas- 

30 kel along the potential gradient of the cell stack. Va- 
rious combinations of insulating the metal manifold 
from the cell stack have been used, but with the dif- 
ficulty of providing a sliding seal which is gas tight and 
electrically insulating while being carbonate im- 

35 permeable under high temperature molten carbonate 
fuel cell operating conditions, no satisfactory solution 
has t>een found. The problem of manifolding and seal- 
ing t>ecomes more severe when larger number of cells 
and larger planar areas are used in the cell stack. 

40 When greater numbers of cells are used, the electri- 
cal jx)tential driving the carbonate in the seal area 
along the height of the stack increases, and when the 
planar area of the cell increases, the linear tolerances 
of each component and the side alignment of each 

45 component becomes extremely difficult to maintain in 
order to maintain the mating surface sealed between 
the manifold/manifold gasket/and cell stack. 

Cell stacks containing 600 cells can be approxi- 
mately 10 feet tall presenting serious problems of re- 

50 quired stiffness of external manifolds and the appli- 
cation of a clamping force required to force the mani- 
fold onto the cell stack. Due to the thermal gradients 
between cell assembly and cell operating conditions, 
differential thermal expansions, and the necessary 

55 strength of materials used for the manifolds, close tol- 
erances and very difficult engineering problems are 
presented- 

Conventionally. stacks of individual molten car- 
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bonate fuel cells have been constructed with spacer 
strips around the periphery of a separator plate to 
form wet seals and to provide intake and exhaust 
nnanifolds. Various means of sealinQ in the environ- 
ment of the high temperature fuel cell wet seal area s 
are disclosed in U.S. Patent 4,579,788 teaching the 
wet seal strips are fabricated utilizing powder metal- 
lurgy techniques; U.S. Patent 3,723.186 teaching the 
electrolyte itself is comprised of inert materials in re- 
gions around its periphery to establish an inert periph- io 
era! seal between the electrolyte and frame or hous- 
ing; U.S. Patent 4,160.067 teaching deposition of in- 
ert materials onto or impregnated into the fuel cell 
housing or separator in wet seal areas; U.S. Patent 
3,867,206 teaching a wet seal between electrolyte- is 
saturated matrix and electrolyte saturated peripheral 
edge of the electrodes; U.S. Patent 4,761.348 teach- 
ing peripheral rails of gas impemieable material to 
provide a gas sealing function to isolate the anode 
and cathode from the oxidant and fuel gases, respec- 20 
tively; U.S. Patent 4,329,403 teaching graded electro- 
lyte composition for more gradual transition in the 
coefficient of thermal expansion in passing from the 
electrodes to the inner electrolyte region; and U.S. 
Patent 3,514.333 teaching housing of alkali metal car- 25 
bonate electrolytes in high temperature fuel cells by 
use of a thin aluminum sealing gasket None of the 
above patents deal with sealing around internal fuel 
and oxidant in fuel cell stacks. 

Gas sealing of a phosphoric acid fuel cell, which 30 
operates at about ISO*' to 220*» C. by filling the pores 
of a porous material periphery of the cell constituents 
with silicon carbide and/or silicon nitride is taught by 
U.S. Patent 4.781.727; and by impregnating Intersti- 
tial spaces in substrate plate edge is taught by U.S. 35 
Patents 4,786.568 and 4,824.739. The solution of 
sealing and corrosion problems encountered in low 
temperature electrolytic cells, such as bonding gran- 
ular inert material with polytetrafluorethylene as 
taught by U.S. Patent 4,259.389 gaskets of polyethy- 40 
lene as taught by U.S. Patent 3,012,086; and "O" ring 
seals taught by U.S. Patent 3,589.941 for internal 
manifolding of fuel only are not suitable for high tem- 
perature molten carbonate fuel cells. 

U.S. Patent 4.510,213 teaches transition frames 45 
surrounding the active portk>n of the cell units to pro- 
vide fuel and oxidant manifolds to the gas compart- 
ments of the individual cells, the manifolds not pass- 
ing through the separators nor the electrolyte tiles of 
the cells. The transition frames require complicated so 
insulating between adjacent cells and are made up of 
several separate and complicated components. U.S. 
Patent 4,708.916 teaches internal manifolding of fuel 
and external manifolding of oxidant for molten car- 
bonate fuel cells wherein sets of fuel manifolds pass 55 
through electrodes as well as electrolytes and sepa- 
rators In a central portion and at opposite ends of the 
individual cells to provide shortened fuel flow paths. 



The end fuel manifolds are in a thickened edge wall 
area of the separator plate while the central fuel 
manifolds pass through a thickened central region 
and sealing tape impregnated with carbonate or sep- 
arate cylindrical conduit inserts are provided extend- 
ing through the cathode. 

Internal manifolding has been attempted wherein 
imultiple manifold holes along opposite edges of the 
cell have been used to provide either co- or counter- 
current flow of fuel and oxidant gases. These mani- 
fold holes for fuel have been located in a broadened 
peripheral wet seal area along opposing edges, but 
the manifolds have been complicated structures ex- 
terior to the electrolyte or pass through at least one 
of the electrodes. However, adjacent manifold holes 
are used for fuel and oxkjant whk:h provides short 
paths across a short wet seal area and leakage of the 
gases as well as the necessarily broadened peripher- 
al seal area undesirably reducing the cell active area. 
Likewise, prior attempts to provide internal manifold- 
ing have used multiple manifold holes along broad- 
ened peripheral wet seal areas on each of all four 
edges of the cell to provide cross flow, but again short 
paths between adjacent fuel and oxidant manifold 
similar complicated structures and holes caused 
leakage of the gases and further reduced the cell ac- 
tive area. 

When using gasif icatk)n products as fuel, It is de- 
sirable to reform the hydrocarbonaceous compo- 
nents to enhance the hydrogen content of the fuel by 
internal reforming within the fuel cell stack. However, 
conventional reforming catalysts are known to be 
poisoned by molten carbonates electrolytes due to 
active sites being covered by a film of carbonates. 
See "Development of Internal Reforming Catalysts 
for the Direct Fuel Cell", Michael Tarjanyi. Lawrence 
Paetsch, Randolph Bernard, Hosein Ghezel-Ayagh. 
1985 Fuel Cell Seminar, Tucson, Ariz.. May 19-22. 
1985. pgs. 177-181. Additk)nal known problems caus- 
ing failure in long term endurance of molten carbonate 
fuel cells also indude deformation of the porous 
anode structure, corrosion of anode side hardware 
such as current collector, separator plate, and the 
li ke. by the molten cart>onates electrolyte and electro- 
lyte loss thereby, gas cross-over through the porous 
anode, and electrolyte loss by anode and cathode 
dissolution. There have been many attempts to solve 
one or more of these prot>iems to provide long term 
fuel cell stability and endurance. 

Increasing the hydrogen content of the fuel feed 
stream to the anode compartment of a fuel cell is 
taught by several patents. U.S. Patent 3.266,938 
teaches a plurality of high temperature fuel cells ar- 
ranged in series such that the spent gases from the 
anode compartment of the first fuel cell in the series 
is catalytically reformed exterior to the cell by an en- 
dothermic reforming reaction to produce additional 
hydrogen and then passed to the anode compartment 
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of a second cell in the series; the spent gases of the 
anode compartment of the second fuel cell is passed 
to a catalytic exothermic shift reaction exterior to the 
cell for further production of hydrogen for passage to 
the anode compartment of a third fuel cell in the ser- 
ies. The refomning and shift reactions are performed 
exterior to the fuel cells to provide greater hydrogen 
content to the fuel feeds to the anode compartments 
of the fuel cells. U.S. Patent 4.522.894 teaches in- 
creasing the hydrogen content of a liquid hydrocarbon 
feed by catalytic oxidation and steam reforming 
wherein use of thermal energy from the oxidation is 
used for reforming external to the fuel cell, to produce 
high hydrogen content in the fuel feed stream to the 
anode compartment of the fuel cell. U.S. Patent 
3,488.226 teaches low temperature, low pressure 
steam reforming of liquid hydrocartx)ns to enhance 
hydrogen in the fuel feed for the anode compartment 
of molten carbonate fuel cells wherein the reforming 
is performed exterior to the fuel cell and acts as a 
heat sink for fuel cell produced heat In one embodi- 
ment, the reforming catalyst may be placed in the fuel 
cell anode chamber. In either arrangement, the waste 
heat from the fuel cell is used directly to sustain the 
endothermic reforming reaction for the generation of 
hydrogen. U.S. Patent 4,702.973 teaches a dual com- 
partment anode structure for molten carbonate fuel 
cells wherein the molten carbonates electrolyte is iso- 
lated from contaminated fuel gases and reforming 
catalysts by a hydrogen ion porous and electrolyte 
non-porous metallic foil. 

SUMMARY OF THE INVENTION 

This invention provides fully internally manifold- 
ed fuel cell stacks with reforming of hydrocarbona- 
ceous fuel within the fuel cell stack to provide thermal 
energy for the endothermic reforming reaction while 
providing desired cooling of the fuel cell stack due to 
heating by the exothermic electrochemical reaction of 
the fuel cell. This invention is especially suitable for 
use in high temperature molten cart)onate fuel cell 
stacks and provides separation of the reforming cat- 
alyst from the electrolyte, which, in the case of molten 
alkali carbonates, readily poisons the catalyst The 
fully internally manifolded fuel cells of this invention 
are suitable for any cell.having planar components, 
especially other high temperature fuel cells such as 
solid oxkle fuel cells. A generally rectangular fuel cell 
stack is comprised of a plurality of fuel cell units, each 
fuel cell unit comprising an anode and a cathode, an 
electrolyte in contact on one side with the anode and 
in contact on the opposite side with the cathode, and 
a separator plate separating cell units between the 
anode of one cell and cathode of the adjacent cell 
forming an anode chamber between one side of the 
separator plate and the anode and a cathode cham- 
ber between the opposite side of the separator plate 



and the cathode. The fuel cell units are stacked and 
provided with end plates having the same internal 
configuration as the separator plates forming half 
cells at each end and clamped to provide rigid struc- 

5 ture to the fuel cell stack. Within the cell stack and in- 
terspersed between groups of about 6 to about 1 0 cell 
units reforming chambers may be formed by slightly 
modified separator plates wherein hydrocarbona- 
ceous fuel and steam is supplied through an internal 

10 reaction gas manifold, passed over reforming catalyst 
in the reforming chamber, and the hydrogen enriched 
product gas passed to the internal fuel manifold of the 
fuel cell stack- In the fuel cell stacks of this invention, 
the electrolytes and separator plates have the same 

IS configuration and extend to the edge of the fuel cell 
stack, while the electrodes and current collectors do 
not extend to the edge of the fuel cell stack. The sep- 
arator plates have a flattened peripheral wet seal 
structure extending to contact the electrolytes on 

20 each face of the separator plates completely around 
ther periphery forming a continuous peripheral sep- 
arator plate/electrolyte wet seal under cell operating 
conditions. 

The electrolytes and separator plates have a plur- 
25 ality of aligned perforations in desired locations, each 
separator plate perforation being surrounded by a 
flattened manifold wet seal structure extending to 
contact the electrolyte on each face of the separator 
plate forming a separator plate/electrolyte manifold 

30 wet seal under cell operating conditions surrounding 
each perforation to fonm a gas manifold through each 
perforation and extending through the cell stack- 
Conduits or holes through the extended manifold wet 
seal structure provide gas communication between 

35 fuel manifolds and the anode chambers on one face 
of the separator plates and conduits or holes through 
the extended manifold wet seal structure provide gas 
communication between the oxkjant manifolds and 
the cathode chambers on the other face of the sepa- 

40 rator plates. This structure provides fully internal 
manifolding of fuel and oxidant gases to and from 
each of the unit fuel cells in the fuel cell stack. In a 
similar manner, hydrocarbonaceous reaction gas and 
steam may be supplied to reforming chambers inter- 

45 spersed throughout the fuel cell stack and hydrogen 
enriched reformed product gas passed from each of 
the reforming chambers to the fuel nr^nifold. 

The end plates are configured similarly to the 
separator plates on their inner sides and are provided 

50 with means for supply and exhaust from each of the 
sets of manifolds of the fuel cell stack. External 
means of supplying and exhausting fuel gas, oxidant 
gas. and hydrocarbonaceous reaction gas to the ap- 
propriate sets of manifolds at the end plate connec- 

55 tions may be provided by any means known to the art. 
By "sets of manifolds' we mean a first set makes up 
one or more fuel inlets, a second set one or more 
spent fuel outlets, a third set one or more oxidant in- 
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lets, a fourth set one or more spent oxidant outlets, 
and a fifth set one or more reaction gas inlets. The 
perforations through the separator plates and electro- 
lytes forming the manifolds may be round, square, 
rectangular, triangular, or any other desired shape 5 
and size. While each such perforation is referred to as 
a single perforation, it may comprise baffling to pro- 
vide desired gas distribution. Any number of mani- 
folds may be provided through the separator plates 
and electrolytes as necessary to provide desired gas 10 
flow quantities and patterns across the active areas 
of the cell. It is important in this invention to provide 
full wet seals directly between the separator plate 
and electrolyte around each manifold with the edge of 
adjacent manifolds being separated by at least about is 
0.25 inch. This invention also provides a continuous 
peripheral wet seal directly t>etween the separator 
plate and electrolyte exterior to the regions of the in- 
ternal manifolds. 

In one preferred emtxKjiment, the separator 20 
plates in accordance with this invention are thin 
pressed metal plates provided with corrugations in 
the fully active fuel cell area and pressed to form on 
one face the full peripheral and the manifold wet seal 
structures with an upstanding wet seal structure 25 
welded to the opposite face of the separator plate to 
provide full peripheral and the manifold wet seals be- 
tween the separator plate and electrolyte on opposite 
faces of the separator plates. Any structure may be 
used to provide the extended wet seal areas for form- 30 
ing wet seals directly between the separator plate and 
electrolyte, such as bars, strips formed by powder 
metallurgy techniques, and the like. 

In a preferred embodiment the conduits or holes 
through the extended manifold wet seal structure 35 
providing gas communication between the manifold 
and the anode and cathode chambers as well as the 
reforming chamt>er may be openings provided by ap- 
propriately corrugated metal or may be holes through 
sheet metal or bar structurea 40 

This invention provides simple wet seals be- 
tween flattened, thin sheet metal structures and elec- 
trolyte, thereby providing assured sealing of one gas 
conduit from the adjacent gas conduit This provides 
effective means for providing fully internally mani- 45 
folded gas feed and removal from high temperature 
and corrosive fuel cells, such as, molten carbonate 
fuel cell stacks. Use of the structure of this invention 
also provides effective and varied means for provid- 
ing carbonate to multi-cell stacks. so 

The structure of this invention provides fully in- 
ternally manifolded reforming chambers Interspersed 
in the fuel cell stack to reform hydrocarbon aceous 
fuel gas providing enhanced hydrogen fuel to the 
anode compartments while advantageously utilizing 55 
electrochemical produced thermal energy to drive the 
reforming reaction while cooling the fuel cell stack. 
This invention provides a mass producible con- 



figuration of the fuel cell components, particularly the 
separator plate and its cost effective fabrication. Use 
of the molten carbonate fuel cell units of this invention 
provides ease of assembly of the fuel cell stack and 
modularizatron for varying sizes of fuel cell stacks. 

This invention also provides a process for pro- 
duction of electricity using the fully internally mani- 
folded fuel cell stack with internal reforming, particu- 
larly, molten alkali metal carbonates fuel cell stacks. 

BRIEF DESCRIPTION OF THE DRAWING 

Further features of the invention will be apparent 
from the following detailed description of the inven- 
tion read in conjunction with the drawing, wherein: 
Fig. 1 is a schematic exploded side secttonal view 
of a single cell along a diagonal to illustrate the 
principles of this Invention; 
Fig. 2 is an exploded perspective view of a single 
cell unit of a fuel cell stack in accordance with one 
emtxKJiment of this Invention; 
Fig. 3 is a sectk>nal side view of a peripheral wet 
seal area of a fuel cell according to one embodi- 
ment of this invention; 

Fig. 4 Is a sectranal side view of a single cell unit 
showing opening from a fuel manifold conduit to 
the anode compartment; 

Fig. 5 is a sectional side view of the cell unit 
shown in Fig. 4 showing opening from an oxidant 
manifold conduit to the cathode compartment; 
Fig. 6 is a front face view of another embodiment 
of a manifold plate for a fully manifolded fuel cell 
stack according to this invention; 
Fig. 7 is a oppositeface viewof the manifold plate 
shown in Fig. 6; 

Fig. 8 is an enlarged cross-sectional view along 

8- 8 shown in Fig. 6; 

Fig. 9 is an enlarged cross-sectional view along 

9- 9 shown In Fig. 6; 

Fig. 10 is an enlarged cross-sectional view along 

10- 10 shown in Fig. 6; and 

Fig. 11 is a schematic exploded perspective view 
of a portion of a fuel cell stack with an internal re- 
forming chamber according to one embodiment 
of this invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

This invention is directed toward fully internally 
manifolded fuel cell stacks. In preferred embodi- 
ments the electrolyte tile is penetrated by the mani- 
fold conduits and in specified areas the electrolyte 
contacts the separator plate to provide an electro- 
lyte/separator plate peripheral wet seal for contain- 
ment of fluids within the cell stack and an electro- 
lyte/separator plate manifold seal for isolation of reac- 
tant compartments and for direction of fluids into and 
oulofreactant compartments within individual molten 
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carbonate fuel cells and reforming chambers inter- 
spersed in the fuel cell slack. This Invention prefer- 
ably utilizes thin sheet separator plates having press- 
ed seal areas extending from one face of the separa- 
tor plate and thin sheet forms extending from the op- 
posite face of the separator plate to form seal areas. 
The thin sheet seal areas afford limited flexibility and 
resilience to provide tight sealing. 

Referring to Figure 1. a schematic exploded sec- 
tional view along a corner to corner diagonal of a sin- 
gle cell of a fuel cell stack according to this invention 
is shown which provides flow of fuel and oxidant gas- 
es fully internal to the cell stack. According to this em- 
bodiment, manifold holes are provided in the corner 
areas of the electrolyte which extends to the edge of 
the cell together with the cell separator plates. By con- 
tact between the electrolyte and the separator plate 
on each face forming conventional wet seals on each 
face around the periphery of the electrolyte, the con- 
tainment of the fluids is maintained. Through desired 
openings providing fluid communication between 
manifold holes and anode and cathode compart- 
ments, the desired gaseous flow may be obtained 
while providing sealing of the manifold holes with con- 
ventional electrolyte/separator plate wet seals. 

The matching manifold holes in the separator 
plates and electrolyte tiles form manifold conduits 
which are continuous for the entire height of the fuel 
cell stack for gas supply and exhaust This invention 
provides that a manifold conduit extending to all cells 
in a fuel cell stack is supplied from a single external 
opening, whereas prior externally manifolded fuel cell 
stacks have required external openings to and from 
each individual fuel cell. The gases are fed to the fuel 
cell stack through an end plate which acts as one half 
ceil and are exhausted through a similar end plate 
which acts as another half cell. 

The manner in which fluids are fed to and with- 
drawn from fuel cell stacks can take on a wide variety 
of variations, the important aspect with respect to the 
present invention being that gas sealing is accom- 
plished by sealing between the electrolyte tile and the 
separator plate in the conventional wet seal manner 
both around the periphery of the separator plate and 
in the gas manifold area as desired for conducting the 
gas to desired locations within each individual cell 
and the reforming chambers interspersed in the fuel 
cell stack. 

As shown in Fig. 1. electrolyte 20 and separator 
plate 40 extend to the outer edge of the cell and are 
sealed to each other around their periphery in wet 
seal areas 23. In Fig. 1, the individual molten carbon- 
ate fuel cell unit is shown with anode 26 spaced from 
one face of separator plate 40 to provide an anode 
chamber fed by fuel manifold hole 24 as indicated by 
arrow 38. On the other face of separator plate 40 cath- 
ode 27 is spaced from separator plate 40 to form a 
cathode chamber in communication with oxidant 



manifold holes 25 as indicated by arrow 39. Electro- 
lyte 20 and separator plate 40 extend to the outer 
edge of the cell forming peripheral wet seal areas 23 
which provide peripheral wet seals between the elec- 

5 trolyte and separator plate for containment of fluid. 
Fuel manifold wet seal area 45 and oxidant wet seal 
area 46 provide manifold sealing by electrolyte/sep- 
arator plate wet seals and provide desired guidance 
of fluid to anode and cathode chambers on opposite 

10 sides of separator plate 40. No additional gaskets are 
used for sealing and the cell unit can accommodate 
a wide variety of carbonate addition techniques, in- 
cluding use of carbonate tapes. When carfcxDnate 
tapes are used, the carbonate tapes and electrolyte 

15 matrix extend to the cell edges and although the inter- 
cell spacing decreases in proportion to the thickness 
of the carbonate tapes when they melt, sealing and 
conformity of all cell components Is maintained at all 
times. During cell heat-up prk>r to cartwnate tape 

20 melting, sealing Is maintained around each manifold 
hole 24 and 25 because the carbonate tapes and the 
electrolyte matrix, such as LiAI02, extend adjacent to 
the respective sealing surfaces and contain a rub- 
bery binder. During binder burn-out, which occurs pri- 

25 or to carbonate melt, gas flows are maintained and 
sealing is obtained. When the binder is burned off and 
the cell temperature raised to the melting point of the 
carbonate, the melting carbonate is absorbed by the 
porous LlAlOa tape and the electrodes. The inter-cell 

30 spacing decreases as the carbonate tapes melt but at 
all stages from room temperature to operating tenv 
peratures of about 650** C. cell sealing is maintained. 
The limited flexibility and resiliency of the thin sheet 
metal in the seal areas aids in assuring maintenance 

35 of cell sealing. 

Fig. 2 is a perspective exploded view of a fuel cell 
unit of a molten carbonate fuel cell stack according to 
one embodiment of this invention with separator 
plates 40, cathode 27, cathode current collector 28. 

40 electrolytes 20. anode 26 and anode current collector 
29. Both separator plates 40 and electrolytes 20 ex- 
tend to the edge of the cell and form wet seals on both 
faces of separator plates 40 around its entire periph- 
ery in peripheral wet seal areas 43. Peripheral wet 

45 seal areas 43 are extended both upwardly and down- 
wardly from the general plane of separator plate 40 to 
provide contact with the periphery of electrolytes 20 
on both faces of separator plate 40. Separator plates 
40 and electrolyte tiles 20 are both penetrated by cor- 

50 responding fuel manifold holes 24, one for supply and 
one for renrK}val, and oxidant manifold holes 25, one 
for supply and one for removal. In the embodiment 
shown in Fig. 2, both separator plates 40 and electro- 
lyte tiles 20 are penetrated only in their corner areas 

55 by manifold holes to provide the longest possible 
spacing between the manifold holes. As shown in Fig. 
2, it may be preferred to have a manifold hole in each 
corner of separator plates 40 and electrolyte tiles 20. 
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While the manifold holes shown in Fig. 2 are a prefer- 
red triangular shape providing easily formed straight 
thin sheet manifold wet seal areas, the manifold holes 
may be round, rectangular or any other desired 
shape. The manifold holes shown in Fig. 2 are single s 
openings, but partitions may be used in the single 
openings as desired to direct gas flow across the cell 
reactant chamt>ers. Fuel manifold wet seal areas 45 
and oxidant manifold wet seal areas 46 are extended 
both upwardly and downwardly from the general io 
plane of separator plate 40 to provide contact with the 
electrolyte 20 on tx}th faces of separator plate 40 to 
form wet seals with the adjacent electrolyte 20 defin- 
ing the gas conduits. The surface of anode 26 is about 
flush with the level of peripheral wet seal 43 and oxi- is 
dant manifold wet seal 46 to provide wet seal contact 
between separator plate 40 and electrolyte 20 in 
those areas. On the opposite face of separator plate 
40. the surface of cathode 27 is aljout flush the level 
of peripheral wet seal 43 to provide fuel manifold wet 20 
seal 45 contact between separator plate 40 and elec- 
trolyte 20 in those areas. 

As best seen in Fig. 2. oxidant manifold holes 25 
are sealed by oxidant manifold wet seals 46 providing 
oxidant flow only to and from the cathode chamber 25 
(adjacent the upper face of the separator plate as 
shown) by oxidant supply openings 48 and oxidant ex- 
haust openings 48' and preventing gas flow to or from 
the anode chamber while fuel manifold holes 24 are 
sealed by fuel manifold wet seals 45 providing fuel 30 
flow only to and from the anode chamber (adjacent 
the lower face of the separator plate as shown) by fuel 
supply openings 47 and fuel exhaust openings 47' 
and preventing gas flow to or from the cathode cham- 
ber. While the manifold wet seals are shown as 35 
straight pressed sheet metal structures, they can be 
any desired shape or structure to prevent gas flow. 
The manifold wet seats form a double wet seal be- 
tween fuel manifold hole 24 and oxidant manifold 
hole 25. 40 

Separator plates 40 may be comprised of suitable 
materials providing desired physical strength and gas 
separation. In many cell stacks it is preferred to use 
bimetallic separator plates in which stainless steel 
may be used on the cathode face and nickel or copper 4S 
on the anode face to avoid ferrous metal corrosion. 
Separator plates may also be fabricated from ferrous 
alloys, such as type 300 series stainless steel alloys. 
The separator plates provide the dual function of pro- 
viding a gas chamber non-reactive separator as well so 
as providing structural strength to the fuel cell as an 
internal load bearing member. While it is preferred to . 
use separator plates having a corrugated cross- 
sectional shape to provide both strength and better 
gas circulation adjacent the electrodes, the principles ss 
of this invention are also applicable to flat separator 
plates structured to provide peripheral wet seal areas 
and to provide wet seals around internal manifold 



holes while allowing gas to pass to and from the in- 
ternal manifolds as required for fuel cell operation. 
The fuel cell stack internal separator plates are desir- 
ably very thin sheets, in the order of about 0.01 0 Inch. 

Thin stamped stainless steel plates have been 
used in heat exchange technology as exemplified by 
the publications "Modern Designs For Effective Heat 
Transfer," American Heat Reclaiming Corp., 1270 
Avenue of the Americas. New York. New York 10020 
and "Superchanger Plate and Frame Heat Exchang- 
er,' Tranter. Inc. Wichita Falls. Texas 76307. These 
heat exchangers use a series of gasketed embossed 
or pressed metal plates bolted together between end 
frames to provide channels for passage of hot me- 
dium on one side of the plate and passage of cold me- 
dium on the other side of the plate. However, fuel cell 
stack separator plates present very different prob- 
lems of sealing and corrosion under molten alkali met- 
al cartK>nates fuel cell operating conditions and dif- 
ferent manifold configuration, sealing, and fluid com- 
municatton means since two fluids must pass in sepa- 
rated relation between adjacent separator plates, in 
heat exchange, only one fluid passes between adja- 
cent heat exchange plates. However, the technology 
of fluid flow over the electrodes of the fuel cell stack 
of this invention may advantageously utilize design 
techniques and patterns of plate heat exchangers, 
such as herringbone, washboard, straight corruga- 
tions and mb(ed corrugations. 

Fig. 3 shows in more detail a peripheral wet seal 
area in accordance with one embodiment of this in- 
vention wherein thin sheet separator plate 40 is cor- 
rugated with the peaks on one face of the conruga- 
tions adjacent cathode 27 support plate 28 with per- 
forations 29 and formed to have flat thin sheet sepa- 
rator plate seal area 44 which lies adjacent electrolyte 
20 on the cathode face of the cell. Separator plate wet 
seal strip 41 formed from thin metal strip material is 
welded by welds 42. or otherwise attached, to the 
anode face of separator plate 40 to provide flat sep- 
arator plate wet seal strip wet seal area 43 which lies 
adjacent electrolyte 20 on the anode side of the cell. 
It is readily apparent that the position of the separator 
plate and the wet seal strip may be reversed and that 
spacing of separator wet seal strip wet seal area 43 
and separator wet seal area 44 may be formed to fit 
the spacing requirements of individual cells. 

Fig. 4 shows in cross-sectional view through a 
conduit between fuel manifold 24 and the anode 
chamber the manner in which separator plate fuel 
manifold wet seal area 45 between the lower face of 
separator plate 40 and electrolyte 20 prevents fuel 
flow to the cathode chamber and provides fuel flow 
to the anode chamber between anode 26 and the up- 
per face of separator plate 40. Likewise. Fig. 5 shows 
in cross-sectional view through a conduit between ox- 
idant manifold 25 and the cathode chamber the man- 
ner in which separator plate oxidant manifold wet seal 
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area 44 between the upper face of separator plate 40 
and electrolyte 20 prevents oxidant flow to the anode 
chamber while providing oxidant flow to the cathode 
chamber between cathode 27 and the lower face of 
separator plate 40. The fuel and oxidant passages 
may be formed by corrugations in separator plate 40, 
by holes through a strip fastened to separator plate 
40. or by any other means suitable to distribute the 
gases as desired. 

Another emtKxJiment of a separator plate accord- 
ing to this invention is shown in Figs. 6-10. In this em- 
bodiment, fuel supply and oxidant supply manifolds 
are arranged alternately along opposite ends of the 
thin sheet separator plate and spent fuel and spent 
oxidant rhani folds are arranged alternately across a 
central region of the thin sheet separator plates to 
provide a split gas flow and greater mechanical sta- 
bility of thin separator plates of large surface area. 
The thin metal separator plates are constructed In the 
same fashion as described above with pressed corru- 
gations in the active areas to support the electrodes 
and to provide appropriate anode and cathode gas 
chamber volume and with pressed areas extending 
outwardly from the plane of the thin separator plate 
to fonm thin plate wet seal areas on one face of the 
plate and an attached outwardly extending thin 
formed sheet metal strip to fomn wet seal areas on the 
other face of the separator plate. Fig. 6 shows the top 
or front face of a separator plate while Fig. 7 shows 
the reverse face of the same separator plate. The 
electrochemically active areas of separator plate 140 
are corrugated, as best seen in Fig. 9, with pressed 
periphery wet seal area 123 extending beyond the 
conrugations for contact with the electrolyte of one 
cell at periphery wet seal area 123. and pressed thin 
metal wet seal strip 141 attached to the periphery of 
the opposite face of separator plate 140 and extend- 
ing beyond the corrugations to contact the electrolyte 
of the adjacent cell at periphery wet seal area 123. 
Oxidant manifold holes 125 are arranged alternately 
to fuel manifold holes 124 across opposite end re- 
gions and oxidant manifold holes 125A arranged al- 
ternately to fuel manifold holes 124Ain the central re- 
gion of separator plate 140. The series of oxidant 
manifold holes and fuel manifold holes, as shown in 
these figures, provide fuel and oxidant supply at op- 
posite ends of separator plate 140 and fuel an oxidant 
removal in the central portion of separator plate 140. 
As best seen in Fig. 8, oxidant as supplied through 
manifold holes 125 and pass through oxidant supply 
openings 148 to the active surface of separator plate 
140, as shown by the arrows in Fig. 6. The oxidant 
passes through the channels of corrugated separator 
plate 140 forming the cathode gas compartment to 
oxidant outlet openings 1 58, as shown by the arrows 
in Fig. 6, feeding oxidant manifold holes 125A. In a 
similar fashion, fuel is supplied through fuel manifold 
holes 124 to fuel supply openings 147, passes 



through channels of corrugated separator plate 140 
forming the anode gas compartment to fuel outlet 
openings 157. as shown by the arrows in Fig. 7, feed- 
ing fuel manifold holes 124A. 
5 The co-linear flow of fuel and oxidant gases on 

opposite faces of the separator plate is shown In Figs. 
6 and 7 with the supply manifolds at opposite ends of 
the separator plate and the outlet nnanifolds in a cen- 
tral region of the separator plate. Using the same sep- 
10 arator plate reversed co-linear flow of fuel and oxi- 
dant gases on opposite faces of the plate may be ob- 
tained by using the central fuel and oxidant manifolds 
for supply and the end fuel and oxidant manifolds for 
outlets. Using the same separator plates counterf low 
15 of fuel and oxidant gases on opposite faces of the 
separator plate may be obtained by supplying one of 
the fuel or oxidant through the central fuel or oxidant 
manifolds while withdrawing the gas through corre- 
sponding outlet manifolds at txjth ends and introduc- 
20 ing the other gas through the end manifolds and with- 
drawing through the central manifolds. It is thus seen 
that various desired gas flow patterns may be ot>- 
tained on opposite faces of the separator plate 
through use of the identical separator plate and only 
25 altering the supply to the manifold or manifolds exter- 
ior to the cell. 

We have found that by using thin metal sheet ma- 
terial in all wet seal areas of the separator plate, due 
to the limited flexibility and resiliency in the wet seal 
30 area upon assembly of the fuel cell stack minimiza- 
tion or prevention of gas leakage can be achieved 
across wet seals at least 1/4 inch wide separating ad- 
jacent fuel and oxidant manifolds. The thin sheet met- 
al separator plates according to this invention show 
35 good mechanical strength and provide ease of fabri- 
cation. The split flow design of separator plates as 
shown in Figs. 6-10, provides increased stiffness to 
the overall separator plate by the support of wet seal 
areas surrounding the manifold holes in the central 
40 portion of the plate. This design also allows fabrica- 
tion of electrodes that are only a portion, In this case, 
half of the active current producing area of the fuel 
cells, facilitating handling of the electrodes and allow- 
ing continuous processing such as tape casting and 
45 sintering to be performed with smaller equipment An 
i mportant feature of this invention is the flattened thin 
metal upstanding wet seal areas of the separator 
plate providing contact directly v/ith the electrolyte of 
one cell on one face and the adjacent cell on the op- 
50 posite face, the fuel and oxidant conduits passing 
through only the separator plates and the electrolytes 
in the fuel cell stack. 

Fig. 11 shows one embodiment of a fuel cell stack 
having unit cells as shown in Fig. 2 with a reforming 
55 chamber suitable to be interdispersed along the axis 
of the fuel cell stack. The reforming chamber is locat- 
ed between anode separator/reformer plate 40" and 
cathode separator reformer plate 40'. Separator 
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plates 40. cathode 27. cathode current collector 28, 
electrolyte 20. anode 26 and anode current collector 
29 are similar to those previously described with re- 
spect to Fig. 2 except for the provision of reactant gas 
manifold holes 50 and 52. Reactant gas manifold wet 5 
seal area 51 extends on both faces from the general 
plane of separator plate 40 to provide contact to form 
wet seals with the adjacent electrolyte 20 and define 
the reactant gas manifold, as described above with 
respect to the oxidant and fuel manifolds. Reactant io 
gas manifold holes 50 are the same diameter while 
reactant gas manifold holes 52 have a larger diameter 
to enable the electrodes and current collectors to fit 
over extended reactant gas manifold wet seal area 51 
to allow the flat surface of reactant gas rnanlfold wet is 
seal area 51 to contact electrolyte 20 for formation of 
a wet seal. The side walls of the extended reactant 
gas manifold wet seal areas are solid in separator 
plates 40 and therefore do not allow entry of reactant 
gas Into the anode or cathode chambers. Anode sep- 20 
arator/reformer plate 40" is different from separator 
plate 40 only in that oxidant supply openings 48 and 
oxidant exhaust openings 48' shown in separator 
plate 40 are not present and thus there is no commu- 
nication between any of the oxidant manifolds and 25 
the reformer chamber adjacent the upper surface of 
anode separator/reformer plate 40". Reactant gas 
openings 53 in the sidewall of extended reactant gas 
manifold wet seal area 51 may be provided for conrv 
munication between reactant gas manifold 50 and the 30 
reformer chamber. In a similar manner, the lower side 
of cathode separator/reformer plate 40' is modified by 
having solid sidewalls of extended spent fuel mani- 
fold wet seal area 45 to block communication be- 
tween the reformer chamber and spent fuel manifold 35 
24 by not providing fuel exhaust openings 47'. Reac- 
tant gas supply openings 53 may be provided for com- 
munication between reactant gas manifold 50 and the 
reformer chamber formed between anode separa- 
tor/reformer plate 40" and cathode separator/refor- 40 
mer plate 40'. With these modifications to the stan- 
dard separator plate 40. a reforming reaction cham- 
ber with fully Internally manifolded reaction gas and 
steam supply may be interspersed at desired inter- 
vals in the fuel cell stack. 45 

When the fuel cell stack is assembled, the periph- 
eral wet seal area and all manifold wet seal areas of 
anode separator/reformer plate 40" come Into contact 
with the corresponding wet seal areas extending from 
cathode separator/reformer plate 40' forming a tight so 
metal/metal seal which, due to the limited flexibility 
and resiliency in the wet seal area, effectively seal the 
manifolds from the reformer chamber formed by the 
volume between plates 40" and 40'. If desired, the ex- 
tended wet seal areas forming the reformer chamber 55 
may be further extended than on separator plates 40 
to provide greater spacing between the separator/re- 
former plates and higher reformer chamber volurrie. 



Another way to increase reformer chamber volume, if 
desired, is to provide sidewall extensions to each of 
the manifold wet seal areas and the peripheral wet 
seal area by welding such extensions to the separa- 
tor/reformer plates providing any desired depth to the 
reformer chamber while providing closure of the re- 
forming chamber and sealed passage of desired 
manifolds through the reformer chamber. When such 
additional depth is provided to the reformer chamber, 
metallic electrical conducting pillars may be provided 
at desired spaced locations between the separa- 
tor/reformer plates to provide rigidity to the reformer 
chamber structure and to provkJe electrical continui- 
ty. 

It is seen that the essential components for a fuel 
cell stack to have interspersed along its axis a plural- 
ity of reforming chambers is that each reforming 
chamber Is formed by two spaced separator/reformer 
plates, one having an outer configuration of the face 
of the separator plate facing the anode chambers and 
the second having an outer configuration of the other 
face of the separator plate the cathode chambers, the 
two separator/refonmer plates sealingly joined in their 
edge area to enclose a reformer chamber, conduits 
through the extended manifold wet seal structure 
providing reactant gas and steam communication 
from a reactant gas supply manifold to the reformer 
chamber, and conduits through the extended mani- 
fold wet seal structure providing enriched hydrogen 
product gas communication to a fuel gas supply 
manifold, thereby providing fully internal manifolding 
of reactant gas and steam to and product gas from 
each reformer chamber In the fuel cell stack. 

Conventional reforming catalysts, such as sup- 
ported nickel, may be used in the reformer chamber 
for conduct of the well known steam reforming reac- 
tion for the production of hydrogen from hydrocarbo- 
naceous materials, such as natural gas or fuel ob- 
tained by gasification of naturally occurring organic 
cart>onaceous materials such as coal, shale, or by 
anaerobic digestion. Any source of methane contain- 
ing gas may be used to supply reactant hydrocarbo- 
naceous gas to the reforming chambers. 

As shown by the arrows, hydrocarbonaceous re- 
action gas and steam may be supplied from reactant 
gas manifold 50 to the reformer chamber, passed 
over reforming catalyst in the reforming chamber en- 
hancing the hydrogen content of the product gas 
which is passed directly into fuel supply manifold 24. 
In this manner, the hydrogen content of fuel passing 
through the fuel supply manifold may be enhanced 
along the axis of the cell. 

The ability of fully internal manifolding a fuel cell 
stack as afforded by this invention allows interspers- 
ing of reforming chambers within the fuel cell stack 
which utilizes elect rochemically generated heat to 
drive the reforming reaction while desirably cooling 
the electrochemical unit fuel cells and while providing 
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enhanced hydrogen fuel to the fuel supply manifold 
along the axis of the cell stack. Isolation of the reform- 
ing catalyst from the fuel cell electrolyte avoids poi- 
soning of conventional reforming catalysts by molten 
carbonate electrolytes. The fully internally manifold- 
ed fuel cell stack with reforming of hydrocarbona- 
ceous materials within the fuel cell stack provides im- 
proved overall fuel to electricity cell efficiency. Ac- 
cording to this invention, natural gas may be used as 
a reactant to provide enhanced hydrogen fuel for the 
electrochemical reaction by placement of a reforming 
chamber, as described above, between about every 
five to about ten electrochemical unit cells. 

While the use of reforming chambers has been 
described above with respect to the separator plate 
configuration shown in Fig. 2. it is clear that such re- 
forming chamber conf igurations may be adopted to a 
wide variety of separator plate configurations, such 
as those shown in Figs. 6-10, by designatton of cer- 
tain of the internal manifolds as reactant gas mani- 
folds with communication to a reforming chamber in 
a similar fashion to that described above. The essen- 
tial element in provision of internal reforming cham- 
bers according to this inventton Is the fully internal 
manifolded fuel cell stack providing fuel supply and 
withdrawal. oxWant supply and withdrawal, and reac- 
tant gas supply through internal manifolds which may 
be arranged as desired and connected only through 
the end plates to external supply and exhaust con- 
duits. 

By use of separator plate/electrolyte wet seals, 
communication between the fuel manifold and only 
the anode face of the separator plate and between the 
oxidant manifold and only the opposite cathode face 
of the separator plate, can be achieved without por- 
ous gaskets as are essential when externa! manifold- 
ing is used. Addftk>nally. reforming chambers may be 
interspersed along the axis of the fuel cell stack as 
described above. Further, each gas manifold seal 
area may be aluminized to reduce corrosive and other 
wicking processes. 

Using the fully internal manifolding of this inven- 
tion, the inter-cell changes of distance resulting from 
melting of the carbonates tape occurs at the factory 
assembly site and once such melting occurs there are 
no further changes in inter-cell distances. The height 
of the cell stack shipped from the factory will be the 
same as that during operatton in a pressure vessel at 
the use site. The height of the reforming chambers will 
not change during start-up or fuel cell operation. 
Thus, the only follow up required during fuel cell stack 
operation is that required to maintain the cell holding 
force on the active and seal areas. 

While in the foregoing specification this invention 
has been described in relation to certain preferred 
embodiments thereof, and many details have been 
setforth for purposes of illustration, it will be apparent 
to those skilled in the art that the invention is suscept- 



ible to additional embodiments within the scope of the 
appended dainr^s. 



5 Claims 

1 . A generally rectangular fuel ceil stack comprising 
a plurality of fuel cell units, each said fuel cell unit 
comprising an anode and a cathode, an electro- 

10 lyte in contact with one face of said anode and an 

electrolyte in contact with an opposite facing face 
of said cathode, and a separator plate separating 
said cell unit between said anode and cathode 
forming an anode chamber between one face of 

15 said separator plate and said anode and a cath- 

ode chamber between the opposite face of said 
separator plate and said cathode, said anode 
chamber in gas communication with fuel gas sup- 
ply and outlet and said cathode chamber in gas 

20 communication with oxidant gas supply and out- 

let the improvement comprising; saW electrolytes 
and said separator plates extending to the edge 
of said fuel cell stack, said separator plates hav- 
ing a flattened peripheral wet seal structure ex- 

25 tending to contact said electrolytes on each face 

of said separator plates completely around their 
periphery forming a separator plate/electrolyte 
wet seal under cell operating conditions, said 
electrolytes and said separator plates each hav- 

30 ing a plurality of aligned perforations said perfor- 

ations in said separator plates being surrounded 
by a flattened manifold wet seal structure ex- 
tending to contact said electrolyte on each face of 
said separator plate forming a separator 

35 plate/electrolyte wet seal under cell operating 

conditions to fonm a plurality of gas manifolds ex- 
tending through said cell stack, conduits through 
said extended manifold wet seal structure provid- 
ing fuel gas communication between one set of 

40 said nnanifolds and said anode chambers on one 

face of said separator plates and conduits 
through said extended manifold wet seal struc- 
ture providing oxidant gas communication be- 
tween a second set of said manifolds and said 

45 cathode chambers on the other face of said sep- 

arator plates, thereby providing fully Internal 
manifolding of fuel and oxidant gases to and from 
each said unit fuel cell in said fuel ceil stack, said 
fuel cell stack having interspersed along its axis 

50 a plurality of reforming chambers each formed by 

two separator/reformer plates, one having the 
configuration of said one face of said separator 
plate facing one of said anode chambers and the 
second having the configuration of said other 

55 face of said separator plate facing one of said 

cathode chambers, said two separator/reformer 
plates sealingly joined in their edge area to en- 
close a reformer chamber, conduits through said 
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extended manifold wet sea( structure providing 
reaction gas and steam communication from a 
third set of said manifolds to said reformer cham- 
ber, and conduits through said extended mani- 
fold wet seal structure providing' enriched hydro- 
gen product gas communication to a fuel gas sup- 
ply manifold, thereby providing fully internal man- 
ifolding of reaclant gas and steam to and product 
gas from each said reformer unit in said fuel cell 
stack. 



In a fuel cell stack according to Claim 1 wherein 
said conduits through said extended manifold 
wet seal structure are formed by corrugated met- 
al. 

In a fuel cell stack according to Claim 1 wherein 
said conduits through said extended manifold 
wet seal structure are holes through sheet metal 
structures. 
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2. In a fuel cell stack according to Claim 1 wherein 
end plates are configured the same as said sep- 
arator plates on their inner faces and form half 
cells on each end of said fuel cell stack. 15 

3. In a fuel cell stack according to Claim 1 wherein 
said separator and separator/reformer plates are 
pressed metal plates. 

20 

4. In a fuel cell stack according to Claim 1 wherein 
said flattened peripheral wet seal structure on 
one face of said plates comprises a pressed 
shaping of said plates to form said extended per- 
iphefBl wet seal on said one face of said plates 25 
and on the other face of said plates comprises a 
pressed sheet metal shape forming said extend- 
ed peripheral wet seal fastened to said other face 

of said plates. 
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7. In a fuel cell stack according to Claim 1 wherein 
said flattened peripheral wet seal or extended 
manifold wet seal structure on one face of said 
separator plates and separator/reformer plates 
comprises a pressed shaping of said separator 4S 
plates and separator/reformer plates to form said 
extended peripheral wet seal on said one face of 
said separator plates and separator/reformer 
plates and on the other face of said separator 
plates and separator/reformer plates comprises a so 
pressed sheet metal shape forming said extend- 
ed peripheral wet seal fastened to said other face 
of said separator plates and separator/reformer 
plates. 



8. In a fuel cell stack according to Claim 1 v/herein 
said reformer chambers are interspersed be- 
tween groups of about five to about ten adjacent 
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fuel cell units. 

9. In a fuel cell stack according to Qaim 1 wherein 
said electrolyte comprises alkali metal carbon- 
ates. 

10. A generally rectangular fuel cell stack comprising 
a plurality of fuel cell units, each said fuel cell unit 
comprising an anode and a cathode, an electro- 
lyte in contact with one face of said anode and an 
electrolyte in contact with an opposite facing face 
of said cathode, and a separator plate separating 
said cell unit t>etween said anode and cathode 
forming an anode chamber between one face of 
said separator plate and said anode and a cath- 
ode chamber between the opposite face of said 
separator plate and said cathode, said anode 
chamber in gas communication with fuel gas sup- 
ply and outlet and said cathode chamber In gas 
communication with oxidant gas supply and out- 
let, said gas supplies and outlets fully internally 
manifolded within said fuel cell stack, a plurality 
of refornning chambers interspersed along the 
fuel cell stack axis each saki reforming chamber 
fornried by two separator/reformer plates, one 
having the conf iguratfon of one face of said sep- 
arator plate facing one of said anode chambers 
and the second having the configuration of said 
other face of said separator plate facing one of 
said cathode chambers, said two separator/refor- 
mer plates sealingly joined in their edge area to 
enclose a reformer chamber, conduits through an 
extended manifold wet seal structure providing 
reaction gas and steam communication from an 
internal reactant gas manifold to said reformer 
chamber, and conduits through an extended 
manifold wet seal structure providing enriched 
hydrogen product gas communication to an inter- 
nal fuel gas supply manifold, thereby providing 
fully internal manifolding of reactant gas and 
steam to and product gas from each said refor- 
mer unit in said fuel cell stack. 

11. A process for production of electricity in a gener- 
ally rectangular fuel cell stack comprising a plur- 
ality of fuel cell units, each said fuel cell unit com- 
prising an anode and a cathode, an electrolyte in 
contact with one face of said anode and an elec- 
trolyte in contact with an opposite facing face of 
said cathode, and a separator plate separating 
said cell unit between said anode and cathode 
forming an anode chamber between one face of 
said separator plate and said anode and a cath- 
ode chamber between the opposite face of said 
separator plate and said cathode, comprising: 
passing fuel and oxidant gases through fully in- 
ternal manifold conduits to and from each fuel 
cell unit in said fuel cell stack, said internal mani- 



11 



21 



EP 0 459 940 Bl 



22 



fold conduits formed by said electrolytes and said 
separator plates each having a plurality of aligned 
perforations, each said perforation being sur- 
rounded by a flattened manifotd wet seal struc- 
ture extending to contact said electrolyte on each 5 
face of said separator plate forming a separator 
plate/electrolyte wet seal under cell operating 
conditions to form a plurality of gas manifolds ex- 
tending through said cell stack. conduHs through 
said extended manifold wet seal structure provid- io 
ing fuel gas communication between one set of 
said manifolds and said anode chambers on one 
face of said separator plates and conduits 
through said extended manifold wet seal struc- 
ture providing oxidant gas communication be- ts 
tween the other set of said manifolds and said 
cathode chambers on the other face of said sep- 
arator plates, thereby providing fully internal 
manifolding of fuel and oxidant gases to and from 
each said unit fuel cell In said fuel cell stack; and 20 
passing hydrocarbonaceous reactant gas to said 
fuel cell stack having interspersed along the fuel 
cell stack axis a plurality of reforming chambers 
each formed by two separator/reformer plates, 
one having the configuration of said one face of 25 
said separator plate facing one of said anode 
chambers and the second having the configura- 
tion of said other face of said separator plate fac- 
ing one of said cathode chambers, said two sep- 
arator/reformer plates sealingly joined in their so 
edge area to enclose a reformer chamber, con- 
duits through said extended manifold wet seal 
structure providing reaction gas and steam com- 
munication from a third set of said manifolds to 
said refonner chamber passing said reactant gas 35 
over a reforming catalyst forming enriched hydro- 
gen product gas. and passing said enriched hydro- 
gen product gas through conduits through said ex- 
tended manifold wet seal structure providing en- 
riched hydrogen product gas to a fuel gas supply 40 
manifold, thereby providing fully internal manifold- 
ing of reactant gas and steam to and product gas 
from each said reformer unit in said fuel cell 
stack. 

Patentanspruche 

1 Ein annihernd rechteckiger Brennstof fzellensta- 
pel. der eine Vielzahl von einzelnen Brennstoff- 
zellen enthalt. von denen jede eine Anode und ei- 
ne Kathode enthalt sowie einen Elektrolyten um- 
fasst. auf dessen einer Seite die Anode aufliegt 
und dessen anderer Seite die Kathode aufliegt. 
wobei eine Separatorplatte, welche zwischen der 55 
Anode und der Kathode liegt. eine Anodenkam- 
mer auf einer Seite der Separatorplatte blldet. 
wahrend die andere Seite der Separatorplatte ei- 
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ne Kathodenkammer bildet, wobei die Anoden- 
kammer mit einer Brennstoffgaszufuhr und ei- 
nem Auslass in Verbindung steht. wahrend die 
Kathodenkammer mit einer Sauerstoffgaszufuhr 
und einem Auslass in Verbindung steht. dadurch 
gekennzeichnet. dass sich sowohl der Elektrolyt 
wie die Separatorplatten bis an den ausseren 
Rand des Brennstoffzellenstapels erstrecken, 
wobei die Separatorplatten periphere feuchte 
Dichtungsgebilde aufweisen. die unter Betriebs- 
bedingungen flachenmassige feuchte Dichtun- 
gen zwischen dem Elektrolyt und der Separator- 
platte bilden. wobei sich die Dichtungen ent- 
lang dem ganzen Umfang der Zelle erstrecken 
und wobei die Elektrolyte und die Separator- 
platten je eine Anzahl von aufeinander ausge- 
richteten Durchlassoffnungen aufweisen. wobei 
die DurcWassSffnungen in den Separatorplatten 
von flachenmassigen feuchten Dichtungsberei- 
chen umgeben sind. die je auf einer Seite der Se- 
paratorplatte am Elektrolyten aniiegen. so dass 
s'le im Betrieb eine Dichtung zwischen Separa- 
torplatte und Elektrolyt und im Innern des Zellen- 
stapels hindurchfuhrenden Gaskanalen bilden, 
welche jeder Zelle des Brennstoffzellenstapels 
die Zufuhr von Brennstoffgas und Sauerstoffgas 
ermoglichen. wobei im Brennstoffzellenstapel 
entlang seiner Achse eine Anzahl von Umwand- 
lungskammern zwischengeschaltet sind. die je 
aus zwei Separator/Umwandlungsplatten gebil- 
det sind. von denen eine Platte die Form einer 
Seite der Separatorplatte aufweist. welche die 
Anodenkammer begrenzt. wShrend die andere 
Platte die Form einer Seite der Separatorplatte 
aufweist. welche die Kathodenkammer begrenzt. 
wobei diese beiden Separator/Umwandlungs- 
platten am Umfang miteinander verbunden smd 
und die Umwandlungskammern bilden. wobei 
durch die erweiterten Kanale mit feuchten Dich- 
tungen gefuhrte Leitungen aus einem dritten 
Satz von Kanalen Reaktionsgas und Dampf der 
Umwandlungskammer zuf uhren. leiten durch die 
erweiterten Kanale hindurohgefuhrte Leitungen 
mitWasserstoff angereichertes Brennstoffgas m 
den Brennstoff-Zufuhrkanal. derart dass Reakti- 
onsgas und Dampf durch ganzlich im Innern ge- 
fuhrte Kanale den im Brennstoffzellenstapel an- 
geordneten Umwandlungseinheiten zugefuhrt 
und Produktionsgas abgeleitetwird. 

2 Brennstoffzellenstapel nach Patentanspruch 1. 
dadurch gekennzeichnet. dass dessen Endplat- 
ten dieselbe Form wie die im Innern des Stapels 
angeorxlneten Separatorplatten aufweisen. und 
halbe Zellen bilden. 

3. Brennstoffzellenstapel nach Patentanspruch 1, 
dadurch gekennzeichnet. dass die Separator- 
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platten aus Metall gepresste Flatten sind. 

4. Brennstoffzellenstapel nach Paten tanspruch 1, 
dadurch gekennzeichnet. dass die Gebilde. wef- 

Che die feuchten Dichlungen am Umfang bilden, s 
an einer Seite der Separatorplatte aus einem mit 
der Separatorplatte verbundenen gepressten 
Metallstreifen bestehen, welcher die erweiterte 
feuchte Dichtung auf der anderen Seite der Se- 
paratorplatte bildeL iQ 

5. Brennstoffzellenstapel nach Paten tanspruch 1. 
dadurch gekennzeichnet. dass die Leitungskana- 
le durch die erwerterten feuchten Dichtungsbe- 
reiche aus gewelltem Metallblech geformt sind. is 

6. Brennstoffzellenstapel nach Patentanspruch 1, 
dadurch gekennzelchnet. dass die Leitungskana- 
le durch die erweiterten feuchten Dichtungsbe- 
reiche aus Oeffnungen in den Gebilden aus 20 
Blech bestehen. 

7. Brennstoffzellenstapel nach Patentanspruch 1. 
dadurch gekennzeichnet, dass die Gebilde. wel- 

Che die feuchten. flachen Dichtungen am Um- 25 
fang Oder die feuchte Dichtung der erweiterten 
Kanale an einer Seite der Separatorplatte n Oder 
an einer Seite der Separator/Umwandlerplatten 
bilden aus einer aus dem Plattenmaterial gepres- 
sten Form bestehen, wahrend an der anderen 30 
Seite der Separatorplatten oder an der anderen 
Seite der Separator/Umwandlerplatte ein aus 
Metall gepresstes Gebilde angebracht ist, wel- 
ches mit der genannten anderen Seite der Sepa- 
ratorplatten Oder Separator/Umwandlerplatte 35 
verbunden isL 

8. Brennstoffzellenstapel nach Patentanspruch 1. 
dadurch gekennzelchnet. dass jeweils zwischen 
Gruppen von funf bis zehn Brennstoffzellen cine 40 
Umwandiungskammer angebracht isL 

9. Brennstoffzellenstapel nach Patentanspruch 1, 
dadurch gekennzeichnet. dass das Elektrolyt Al- 
kali metallkarbonate enthalL 45 

10. Ein annahernd rechteckiger Brennstoffzellensta- 
pel, der eine Vielzahl von elnzelnen Brennstoff- 
zellen enthalt, von denen jede eine Anode und ei- 
ne Kathode enthalt sowie einen Elektrolyten um- so 
fasst. auf dessen einer Seite die Anode aufliegt 

und auf seiner anderen Seite die Kathode auf- 
liegt. wobei eine Separatorplatte. welche zwi- 
schen der Anode und der Kathode liegt. eine An- 
odenkammer auf einer Seite der Separatorplatte 55 
bildet. wahrend die andere Seite der Separator- 
platte eine Kathodenkammer bildet. wobei die • 
Anodenkammer mit einer Brennstoffgaszufuhr 



und einem Auslass in Verbindung steht, wahrend 
die Kathodenkammer mit einer Sauerstoffgaszu- 
fuhr und einem Auslass in Verbindung steht, wo- 
bei die Gaszufuhr- und Ableitungskanale voll- 
standig im Innern des Zellenstapels verlaufen 
und eine Vielzahl von Umwandlungskammern 
entlang der Achse des Stapels zwischengefugt 
ist. die je aus zwei Separator/Umwandlungsplat- 
ten bestehen. von denen eine dieser Platten zur 
Anodenkammer, die andere dieser Platten zur 
Kathodenkammer hln gerichtet ist. wobei die zwei 
Separator/Umwandlungsplatten an ihrem Urrv 
fang dicht mrteinander verbunden sind und die 
Umwandiungskammer umschliessen. wobei Leh 
tungen, welche durch die erweiterte Durchlass- 
offhung mit feuchter Dichtung der Kanale hin- 
durchfuhren. der Umwandiungskammer Reakti- 
onsgas und Dampf aus einem im Innern gefuhr- 
ten Reaktionsgaskanal zufuhren. wahrend Lev- 
tungen, welche durch die erweiterte Durchlass- 
offnung mit feuchter Dichtung mit Wasserstoff 
angereichertes Reaktionsgas in den im Innern 
gefuhrten Brennsloffgaskanal leiten und auf die- 
se Weise durch vollstandig Im Innern gefuhrte 
Kanale der Umwandiungskammer Reaktionsgas 
und Dampf zufuhren und den Zellen des Brenn- 
stoffzetlenstapels Produktionsgas zufuhren. 

11^ Verfahren zum Produzieren von Elektrizitat in ei- 
nem annahernd rechteckigen Zellenstapel, der 
eine Vielzahl von Brennstoffzellen enthalt, wobei 
jede Brennstoffzelle eine Anode und eine Katho- 
de enthalt sowie einen Elektrolyten. auf dessen 
einer Seite die Anode und einen Elektrolyten. auf 
dessen anderer Seite die Kathode aufliegt, wobei 
eine Separatorplatte zwischen der Anode und der 
Kathode liegt eine Anodenkammer zwischen der 
Anode und einer Seite der Separatorplatte bildet. 
wahrend zwischen der anderen Seite der Sepa- 
ratorplatte und der Kathode eine Kathodenkam- 
mer gebildetwird. dadurch gekennzeichnet, dass 
samtlichen Zellen des Brennsloff zellenstapels 
gasformigerBrennstoff und Sauerstoff durch die 
im Innern gefuhrten Kanale zugeleitet und abge- 
fuhrt wird, wobeidiese Kanale und Separatorplat- 
ten aus dem Elektrolyten und den Separatorplat- 
ten gebildet sind, indem diese mit einer Vielzahl 
von aufeinander ausgerichteten Durchbruchen 
versehen sind. die durch ein Gebilde mit flachem 
Rand umgeben sind, welcher bis zum Elektrolyt 
reicht und beim Betrieb eine feuchte Dichtung 
zwischen der Separatorplatte und dem Elektrolyt 
bildet und so eine Vielzahl von durch den Zellen- 
stapel hindurchfuhrenden, feucht abgedichteten 
Kanale bildet, von denen ein Satz der Verbindung 
mit den Anodenkammern an einer Seite der Se- 
paratorplatte dient und Brennstoffgas zufuhrt. 
wahrend ein anderer Satz von Kanalen die Ver- 
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bindung mitden Kathodenkammern an derande- 
ren Seite derSeparatorplatte herstelltund Sauer- 
stoffgas zufuhrt, so dass die im Innern gefuhrten 
Kanale jeder Zelle des Brennstoffzellenslapels 
Brennsloff und Sauerstoff zufuhren und abfuh- 5 
ren. wobei kohlenwasserstof f haltiges Reaktions- 
gaszu einer Vielzahl von im Brennstoffzellensta- 
pel in dessen Langsrichtung eingefugten Um- 
wandlungskannmern gef uhrt wird, die je aus zwei 
Separator/Umwandlungsplatten bestehen, von to 
denen eine die Form einer Separatorplatte auf- 
weist, welche eine Anodenkammer begrenzt und 
die andere die Form einer Separatorplatte auf- 
weist, welche eine Kathodenkammer begrenzt. 
wobei diese beiden Separator/Umwandierplatten 15 
entlang ihrem Umfang gasdicht miteinander ver- 
bunden sind und so die Umwandlungskammer 
umschliessen. 

Durchiasse in einem dritten Satz von erweiterten 
Kanalen stellen eine Verbindung von Reaktions- 20 
gas zur Umwandlungskammer her, in welcher 
das Reaktionsgas uber einen Umwandlungskata- 
lysator stromt und ein mit Wasserstof f angereicher- 
tes Produktionsgas erzeugt wird. welches durch die 
erweiterten Kanale mit feuchter Abdichtung in den 25 
Brennstoffgaszufuhrkanal gelangt, derart, dass 
die im Innern gefuhrten Kanale samtlichen im 
Brennstoffzellenstapel angebrachten Umwand- 
lungskammern Reaktionsgas und Dampf zufuh- 
ren und Produktionsgas aus denselbenabfiihren. 30 



Rdvendications 

1, Empilement de piles k combustible g6n6rale- 35 
ment rectangulaire, comprenant une plurality 
d'unit6s de piles d combustible, chacune des dl- 
tes unit6s de pile k combustible comprenant une 
anode et une cathode, un Electrolyte en contact 
avec une face de ladite anode et un 6lectn3lyte en 40 
contact avec une face de ladite cathode orient6e 
en regard, et une plaque sEparatrice s6parant la- 
dite unit6 de pile entre ladite anode et ladite 
cathode, formant une chambre d'anode entre 
une face de ladite plaque s6paratrice et ladite 45 
anode et une chambre de cathode entre la face 
oppos6e de ladite plaque s6paratrice et ladite 
cathode, ladite chambre d*anode 6tant en 
communication pour les gaz avec une alimenta- 
tion en gaz combustible et une sortie et ladite so 
chambre de cathode 6tant en communication 
pour les gaz avec une alimentation en gaz oxy- 
dant et une sortie, comprenant le perfectionne- 
ment selon lequel: les dits electrolytes et les dites 
plaques s6paratrices s'6tendentjusqu*au borddu 55 
dit empilement de piles ^ combustible, les dites 
plaques s6paratrices ayant une structure de 
scellement humide p6ripherique aplatie, s'eten- 



dant de fagon d etre en contact avec les dits elec- 
trolytes sur chaque face des dites plaques s6pa- 
ratrices sur toute leur p6riph6rie, de fagon d for- 
mer un scellement humide plaque s§paratri- 
ce/electrolyte dans les conditions de fonctionne- 
ment des piles, les dits Electrolytes et les dites 
plaques s6paratrk:es, dont chacun a une pluralite 
de perforations align6es, les dites perforations 
dans les dites plaques sEparatrices 6tant entou- 
rees par une structure de scellement humide ^ 
canaux aplatis, s'Etendant de fagon ^ etre en 
contact avec le dit Electrolyte sur chaque face de 
la dite plaque sEparatrice formant une EtanchEitE 
humide plaque sEparat rice/Electrolyte dans les 
conditions de fonctionnement de la pile pour for- 
mer une pluralitE de tubulures de gaz s'Etendant 
^ travers ledit empilement de piles, des conduites 
d travers la dite structure de scellement humide 
d canaux Etendus procurant une communication 
de gaz combustible entre un groupe des dites tu- 
bulures et les dites chambres d'anode sur une 
face des dites plaques sEparatrices et des 
conduites ^ travers la dite structure de scelle- 
ment humide ^ canaux Etendus procurant une 
communication de gaz oxydant entre un second 
groupe des dites tubulures et les dites chambres de 
cathode sur Tautre face des dites plaques sEpara- 
trices. fournissant ainsi une distribution totalement 
interne des gaz combustible et oxydant vers et S 
partir de chaque unitE de pile E combustible susdi- 
te dans ledit empilement de piles ^ combustible, 
ledit empilement de piles d combustible ayant, in- 
tercalEes le long de son axe, une pluralitE de 
chambres de reformage formEes chacune par 
deux plaques sEparatrices/reformeuses. Tune 
ayant la configuration de Tune des dites faces de 
la dite plaque sEparatrice faisant face d Tune des 
dites chambres d'anode et la seconde ayant la 
configuration de la dite autre face de la dite pla- 
que sEparatrice faisant face I'une des dites 
chambres de cathode, les dites deux plaques sE- 
paratrices/reformeuses formant un joint Etanche 
dans leurzone de bord pour constituer une cham- 
bre de reformage. des tubulures dans la dite 
structure de scellement humide ^ canaux Eten- 
dus procurant une communication du gaz de 
rEaction et de la vapeur ^ partir d'un troisiEme en- 
semble de tubulures susdites vers la dite cham- 
bre de reformage, et des tubulures ^ travers la 
dite structure scellement humide ^ canaux 
Etendue procurant une communication de gaz hy- 
drogEne enrichi produit vers une tubulure d'ali- 
mentation en gaz combustible, fournissant ainsi 
une distribution totalement interne du gaz rEactif 
et de la vapeur vers et du gaz produit ^ partir de 
chacune des dites unitEs de reformage dans le dit 
empilement de piles E combustible. 
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2. Empilement de piles ^ combustible salon la re- 
vendication 1, dans iequel las plaques d'extr^mi- 
t6 sent configur6es de la meme mani&re que les 
dites plaques s6paratrices sur leurs faces inter- 
nes et ferment des deml-piles sur chaque extr6- 
mitS du dit empilement de piles d combustible. 



d'environ cinq S environ dix unites de piles d 
combustible adjacentes. 

9. Empilement de piles a combustible salon la re- 
vendication 1, dans Iequel le dit Electrolyte 
comprend des carbonates de metal alcalin, 

10. Empilement de piles a combustible g6n6rale- 
ment rectangulaire. compranant una pluralite 
d'unit6s de piles S combustible, chacune des di- 
tes unites de piles d combustible comprenantune 
anode et une cathode, un Electrolyte en contact 
avec une face de ladite anode et un Electrolyte en 
contact avec une face de ladite cathode orlentEe 
en regard, et une plaque sEparatrice sEparant la- 
dite unitE de pile entre ladite anode et ladite 
cathode, formant une chambre d'anode entre 
une face de ladite plaque sEparatrice et ladite 
anode et une chambre de cathode entre la face 
opposEe de ladite plaque sEparatrice et ladite 
cathode, ladite chambre d'anode Etant en 
communication pour les gaz avec une alimenta- 
tion en gaz combustible et une sortie et ladite 
chambre de cathode Etant en communication 
pour les gaz avec une alimentation en gaz cxy- 
dant et une sortie, les dites alimentations en gaz 
et sorties de gaz Etant totalement canalisEes in- 
tErieurement dans le dit empilement de piles ^ 
combustible, une pluralitE de chambres de refor- 
mage intercalEes le long de Taxe de rempilement 
de cellules d combustible, chacune des dites 
chambres de reformage Etant formEe par deux 
plaques sEparatrices/reformeuses I'une ayant la 
configuration d'une face de la dite plaque sEpa- 
ratrice faisant face S Tune des dites chambres 
d'anode et la seconde ayant la configuration de 
la dite autre face de la dite plaque sEparatrice fai- 
sant face ^ Tune des dites chambres de cathode, 
les dites deux plaques sEparatrices/reformeuses 
Etant rEunies de maniEre Etanche dans la zone 
de leurs bords pour enclore une chambre refor- 
meuse, des tubulures d travers une structure de 
scellement humide d canaux Etendus procurant 
une communication de gaz rEagissant et de va- 
peur entre des canaux internes pour gaz rEagis- 
sant et la dite chambre reformeuse, et des tubu- 
lures traversant une structure de scellement hu- 
mkJe d canaux Etendus procurant une communi- 
cation du gaz hydrogEne enrichi produit avec des 
canaux internes d'alimentation en gaz combusti- 
ble, ce qui procure une distribution totalement in- 
terne en gaz rEagissant et en vapeur vers et en 
gaz produit E partir de chacune des dites unitEs 
reformeuses dans ledit empilement de piles 
combustible. 

11. ProcEdE pour la production d'ElectricitE dans un 
empilement de piles E combustible genEralement 



3. Empilement de piles E combustible selon la re- 
vendication 1 , dans Iequel le dit sEparateur et les 
dites plaques sEparatrices/reformeuses sont des io 
plaques en tola emboutie. 

4. Empilement de piles E combustible selon la re- 
vendication 1, dans Iequel la dite structure de 
scellement humide pEriphErique aplatie sur une is 
face des dites plaques comprend une mise en for- 
me emt>outie des dites plaques pour former le dit 
scellement humide pEriphErique Etendu sur la 
premiEre face des dites plaques et sur I'autre face 

des dites plaques comprend une fornie de mEtal 20 
en feuille emboutie formant le dit scellement hu- 
mide pEriphErique Etendu, fixEe E la dite autre 
face des dites plaques. 

5. Empilement de piles E combustible selon la re- 25 
vendication 1 , dans Iequel les dites tubulures d 
travers la dite structure de scellement humide E 
canaux Etendus sont fonmEes par du mEtal ondu- 

lE. 

30 

6. Empilement de piles E combustible selon la re- 
vendication 1, dans Iequel les dites tubulures E 
travers la dite structure de scellement humide E 
canaux Etendus sont des trous au travers des 
structures mEtalliques en feuille. 35 

7. Empilement de piles E combustible selon la ra- 
vendication 1. dans Iequel la dite structure de 
scellement humide pEriphErique aplatie ou struc- 
ture de scellement humide E canaux Etendus 40 
comprend sur une des faces des dites plaques 
sEparat rices et plaques sEparatrices/reformeu- 
ses un prof ilage embouti des dites plaques sEpa- 
rat rices et plaques sEparatrices/reformeuses 
pour former le dit scellement humide pEriphEri- 45 
que Etendu sur la dite premiEre face des dites pla- 
ques sEparatrices et plaques sEparatrices/refor- 
meuses et comprend sur I'autre face des dites 
plaques sEparatrices et plaques sEparatrices/re- 
formeuses un prof il de feuille mEtallique embou- so 
tie formant le dit scellement humide pEriphErique 
Etendu, f ixE E la dite autre face des dites plaques 
sEparatrices et plaques sEparatrices/reformeu- 
ses. 

55 

8. Empilement de piles E combustible selon la re- 
vendication 1, dans Iequel les dites chambres re- 
formeuses sont intercaleas entre des groupes 
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rectangulaire comprenant une plurality d*unit6s 
de piles ^ combustible, chacune des dites unites 
de piles ^ combustible comprenant une anode et 
une cathode, un 6lectrolyte err contact avec une 
face de ladite anode et un electrolyte en contact 
avec une face de ladite cathode orientee en re- 
gard, et une plaque separatrice s6parant ladite 
unit€ de pile entre. ladite anode et ladite cathode, 
formant une chambre d*anode entre une face de 
ladite plaque s6paratrice et ladite anode et une 
chambre de cathode entre la face oppos6e de la- 
dite plaque s6paratrice et ladite cathode, 
comprenant: le passage de gaz combustible et de 
gaz oxydant d travers des tubulures totafement 
internes vers et depuis chaque unit6 de pile d 
combustible dans le dit empilement de piles ^ 
combustible, les dites tubulures internes form6es 
paries dits 6lectr6lytes et les dites plaques s6pa- 
ratrices ayant chacune une pluralit6 de perfora- 
tions aiign6es, chacune des dites perforations 
6tant entour6e par une structure de scellement 
humide d canaux aplatis s'6tendant pour entrer 
en contact avec le dit Electrolyte sur chaque face 
de la dite plaque separatrice formant un scelle- 
ment humide plaque s 6 parat rice/61 ectrolyte dans 
les conditions de fonctionnement de la pile pour 
fomr>er une plurality de canaux pour les gaz 
s*6tendant ^ travers le dit empilement de piles, 
des tubulures traversant la dite structure de scel- 
lement humide^ canaux 6tendus procurant une 
communication pour le gaz combustible entre un 
groups des dits canaux et les dites chambres 
d'anode sur une face des dites plaques s6para- 
trices et des tubulures traversant la dite structure 
de scellement humide ^ canaux 6tendus procu- 
rant une communication de gaz oxydant entre 
rautre groupe des dits collecteurs et les dites 
chambres de cathode sur I'autre face des dites 
plaques s6paratrices, procurant ainsi une canali- 
sation totalement interne des gaz combustible et 
oxydant vers et depuis chacune des dites unites 
de piles k combustible dans le dit empilement de 
piles ^ combustible; et le passage de gaz r6actif 
hydrocarbon6 dans le dit empilement de piles d 
combustible ayant. intercal6 le long de Taxe de 
I'empilement de piles ^ combustible, une plural rt6 
de chambres de reformage. chacune form6e par 
deux plaques s6paratrices/reformeuses. Tune 
ayant la configuration de la dite face de la dite 
plaque separatrice faisantface k Tune des dites 
chambres d'anode et la seconde ayant la confi- 
guration de la dite autre face de la dite plaque se- 
paratrice faisant face d I'une des dites chambres 
de cathode, les deux dites plaques s6paratri- 
ces/reformeuses etant reunies de fa^on etanche 
d proximite de leurs bords pour contenir une 
chambre de reformage. des tubulures d travers la 
dite structure de scellement humide ^ canaux 



6tendus procurant une communication de gaz 
r6actif et de vapeur depuis un troisi6me ensem- 
ble de canaux jusqu*^ la dite chambre de refor- 
mage faisant passer le dit gaz r6actif sur un ca- 

5 talyseur de reformage pour donner lieu ^ une pro- 

duction de gaz hydrogfene enrichi, et le passage 
du dit gaz hydrog^ne enrichi produit dans des 
condultes traversant la dite structure de scelle- 
ment humide canaux 6tendus fournissant le gaz 

to hydrogdne enrichi produit ^ un collecteur d*aii- 

mentation en gaz combustible, procurant ainsi 
une distribution totalement interne de gaz r6actif 
et de vapeur dans et de gaz produit ^ partir de la 
dite unite de reformage dans le dit empilement de 

IS piles d combustible. 
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